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DO  QRQOLQHDU RSWLFDO GHYLFHV =KDQJ HW DO  OXPLQHVFHQFH )HUQDQGH] HW DO  LRQ H[FKDQJH
VHQVRUV.DW] DQGGUXJGHOLYHU\+RUFDMDGDHWDO $Q HWDO
7KHV\QWKHVLVRI02)V LVDSURFHVVZKLFK LQYROYHV WKH VHOIDVVHPEOLQJ RIPROHFXODUSUHFXUVRUV OHDGLQJ WR WKH
IRUPDWLRQRIRQHWZR RUWKUHHGLPHQVLRQDOVWUXFWXUHVGHSHQGLQJRQWKHLUVWDUWLQJPDWHULDOV7KHV\QWKHVLVRI02)
FDQEHLQIOXHQFHGE\PDQ\IDFWRUVVXFKDVWKHQDWXUHRIPHWDOLRQV$PDELOLQRHWDO-XQJHW DO DQG
RUJDQLF OLJDQGV (GGDRXGL HW DO  VROYHQW V\VWHP %XUURZV HW DO  FRXQWHULRQV DV ZHOO DV PROHFXODU
LQWHUDFWLRQV LQFOXGLQJ K\GURJHQ ERQGLQJ DQG ɩɩ LQWHUDFWLRQV :DQJ HW DO  'XH WR WKHLU H[FHOOHQW




WKH FDUER[\ODWH OLJDQG WR PHHW WKH UHTXLUHPHQW RI FRRUGLQDWLRQ JHRPHWULHV RI PHWDO LRQV LQ WKH VHOIDVVHPEO\
SURFHVV6XFK 1GRQRUOLJDQGVDUHJRRGFDQGLGDWHVWRSURGXFHXQLTXHVWUXFWXUDOPRWLIVZLWKEHDXWLIXODHVWKHWLFVDQG
XVHIXO IXQFWLRQDO SURSHUWLHV 7KHUH DUH VHYHUDO UHSRUWV RQ WKH VWXG\ XVLQJ IOH[LEOH ELVLPLGD]ROH DQG ULJLG
PXOWLFDUER[\ODWHDVPL[HGOLJDQGVWREXLOGPXOWLGLPHQVLRQDOIUDPHZRUNVZLWKYDULHGVWUXFWXUHVDQGWRSRORJLHV7KLV
LVGXH WR WKHQDWXUHRIERWK IOH[LEOHELVLPLGD]ROH OLJDQGDQGPXOWLFDUER[\ODWH WRDGRSWDYDULHW\RIFRRUGLQDWLRQ
PRGHVWRVDWLVI\WKHFRRUGLQDWLRQJHRPHWU\UHTXLUHPHQWVRIWKHPHWDOLRQV4L<HWDO=KDQJHWDO



















$OO WKH FKHPLFDOV VXFK DV =LQF QLWUDWH KH[DK\GUDWH  EHQ]HQH GLFDUER[\OLF DFLG 7HUHSKWKDOLF DFLG 11
GLPHWK\OHIRUPDPLGH'0)HWFXVHGLQWKLVUHVHDUFKZRUNZHUHSXUFKDVHGIURPVGILQH&KHP/WGRIDQDO\WLFDO
JUDGHPHWK\OHLPLGD]ROHDQGFKORURIRUPREWDLQHG IURP6SHFWURFKHP SYW/WG  7KH\ DOOZHUHRI UHDJHQWJUDGH
DQGXVHGDVWKH\UHFHLYHGZLWKRXWIXUWKHUSXULILFDWLRQ7KHUHDFWRUVXVHGZHUHVWDLQOHVVVWHHODXWRFODYHVZLWK7HIORQ
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OLQHUVRIPOFDSDFLW\
 6\QWKHVLV3URFHVVXUH





FKORURIRUP IROORZHG E\ GU\LQJ DW URRP WHPSHUDWXUH )LJXUH  VKRZV WKH V\QWKHVLV RI02)ZLWK WKH UHDFWDQWV DW




$V REWDLQHG FRORUOHVV FU\VWDOV ZHUH FKDUDFWHUL]HG E\ SRZGHU ;UD\ GLIIUDFWLRQ 3;5' DQDO\VLV ZKLFK KDV
LQIHUUHG DERXW WKH SXULW\ DQG SKDVH VWUXFWXUH DQG QDWXUH FU\VWDOOLQH RU DPRUSKRXV RI WKH SURGXFW 7KH 3;5'
SDWWHUQVZHUHREWDLQHGRQ%UXNHU'$GYDQFHSRZGHU;UD\GLIIUDFWRPHWHUZLWK&X.ĮUDGLDWLRQDWȜ 
QP 7KH YLEUDWLRQDO SURSHUWLHV RI WKH 02) PDWHULDO ZDV VWXGLHG E\ XVLQJ )7,5 DQ 6 6KLPDG]X
VSHFWURSKRWRPHWHU LQ WKH UDQJH IURP  WR  FPXVLQJ .%U SHOOHWV (OHPHQWDO DQDO\VLV ZDV SHUIRUPHG E\
(OHPHQWDU9DULR0,&529DQDO\]HUWRVWXG\WKHSXULW\DQGFRPSRVLWLRQRIWKHSURGXFWV 7KHPRUSKRORJLHVRI
WKH VDPSOHV ZHUH REVHUYHG WKURXJK -(2/ PRGHO -60  /9 VFDQQLQJ HOHFWURQ PLFURVFRSH 6(0
7KHUPRJUDYLPHWULF DQDO\VLV 7*$ ZDV SHUIRUPHG XVLQJ D 7KHUPDO DQDO\VLV 7$ 6'74 VLPXOWDQHRXV
'7$7*$V\VWHP)RU7*$WKHVDPSOHVZHUHWDNHQLQDOXPLQDFUXFLEOH DQGKHDWHGXQGHUDIORZRIDLURUQLWURJHQ




DFLG DQG PHWK\O LPLGD]ROH LQ 11GLPHWK\OIRUPDPLGH ZHUH ZHOO FKDUDFWHUL]HG DQG FRPSDUHG ZLWK WKH RQHV
V\QWKHVL]HG E\ VROYRWKHUPDO SURFHGXUH 7KH )LJXUH  D DQG E UHVSHFWLYHO\ VKRZ WKH )7,5 VSHFWUD RI WKH VR
REWDLQHG02) V\QWKHVL]HG DW URRP WHPSHUDWXUH DQG FRQYHQWLRQDO KHDWLQJ DW KLJKHU WHPSHUDWXUH 7KH DEVRUSWLRQ
EDQGLQWKHUHJLRQ FP LQWKHVSHFWUDLVGXHWR ±&+VWUHWFKLQJYLEUDWLRQPRGH RULJLQDWLQJIURPEHQ]HQH
ULQJRI EHQ]HQHGLFDUER[\OLFDFLG 7KHVHFRQGDEVRUSWLRQEDQGLVREVHUYHGLQWKHUHJLRQ  FPLVGXH
WR ±&+VWUHWFKLQJLQPHWK\OJURXS)XUWKHUWKHZHDNDQGLQWHQVHDEVRUSWLRQSHDNVDUHREVHUYHGLQWKHUHJLRQ
  FP ZKLFK FRXOG EH GXH WR DV\PPHWULF DQG V\PPHWULF VWUHWFKLQJPRGHV DW  FP DQG  FP DUH
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FRUUHVSRQG RI & 2 RI WKH EHQ]HQHGLFDUER[\OLF DFLG $URPDWLF ULQJ FDQ DOVR VKRZ WKH SHDNV LQ WKLV UHJLRQ
FRUUHVSRQGLQJ SDUWLFXODUO\ DW  FPY  FPY  FP GXH WR & & VWUHWFKLQJ DQG &+ EHQGLQJ
YLEUDWLRQV7KHDEVRUSWLRQSHDNVLQWKHUHJLRQ  FPDUHGXHWR&1VWUHWFKLQJDQG&+EHQGLQJLQWKH
SODQH7KHUHJLRQVKRZLQJDEVRUSWLRQEDQGVLQWKHUDQJH FP LQGLFDWHV WKHDURPDWLFVXEVWLWXWLRQ,Q
WKHVDPHUHJLRQ& &DQG& 1VWUHDFKLQJVFDQVKRZWKHDEVRUSWLRQSHDNV7KHSHDNVLQWKHUHJLRQ  FP
FRUUHVSRQG WR&1&EHQGLQJ LQ WKH SODQH7KH UHJLRQ IURP ±  FPFDQ DWWULEXWHG WR WKH GHIRUPDWLRQ RI
FDUERQ\OVXEVWLWXHQWRXWRIWKHSODQH7KLV)7,5SDWWHUQLVDOPRVWVLPLODUWRWKHSDWWHUQEZKLFKFRUUHVSRQGVWRWKH
02)V\QWKHVL]HGE\FRQYHQWLRQDOKHDWLQJ+RZHYHULWGLIIHUVIURPSDWWHUQEZLWKUHVSHFWWRLQWHQVLW\7KHSHDN
LQWHQVLWLHV DUH PRUH LQ SDWWHUQ D ZKHQ FRPSDUHG WR WKDW RI SDWWHUQ E (OHPHQWDO DQDO\VLV  REV FDOF IRU
>=QEGF0,@&+1)RXQG&+1DQG&+1IRU























WR LQYHVWLJDWH FU\VWDOOLQHSURSHUWLHV RI D V\QWKHVL]HGPDWHULDO7KH;5'SDWWHUQV IRU ]LQF 02)VDUHSUHVHQWHG LQ
)LJXUHV  ,Q WKH ILJXUH SDWWHUQ D DQG E FRUUHVSRQG  WR WKH 02)V V\QWKHVL]HG DW URRP WHPSHUDWXUH DQG
FRQYHQWLRQDOKHDWLQJURXWHUHVSHFWLYHO\7KH3;5'GDWDZDVFROOHFWHGZLWKWKHPRQRFKURPDWLFKLJKLQWHQVLW\&X.Į
UDGLDWLRQ DW Ȝ   QP 7KH VROLG FU\VWDOV REWDLQHG LQ WKH V\QWKHVLV ZHUH XVHG GLUHFWO\ ZLWKRXW DQ\
PRGLILFDWLRQV+LJK LQWHQVLW\%UDJJGLIIUDFWLRQSHDNVDUHREVHUYHGDWT YDOXHV DQG LQSDWWHUQ E7KH
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DOO LPDJHV SDUWLFOHV DUH DJJUHJDWHG DPRQJ WKHPVHOYHV WR IRUP FOXVWHUV 7KH SDUWLFOHV DUH GLVWULEXWHG LQ02)V DV
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7KHWKHUPDOVWDELOLW\RIWKHDVV\QWKHVL]HG02)VZDVVWXGLHGXVLQJ WKHUPRJUDYLPHWULFDQDO\VLV7*$XQGHU1
















FORVH WR WKH DERYH YDOXH 7KH SRUH VL]H GLVWULEXWLRQV IRU ERWK WKH02)V GLVSOD\HG LQ )LJ  ,Q ILJXUH SORW D
FRUUHVSRQGV WR 02) V\QWKHVL]HG DW URRP WHPSHUDWXUH DQG SORW E FRUUHVSRQG WR WKH 02) V\QWKHVL]HG E\
FRQYHQWLRQDOKHDWLQJDWHOHYDWHGWHPSHUDWXUH
)LJXUH 1 DGVRUSWLRQGHVRUSWLRQLVRWKHUPIRUDVV\QWKHVL]HG02)VDPSOHVDDWURRP WHPSHUDWXUHEE\FRQYHQWLRQDOKHDWLQJDWWKHHOHYDWHG
WHPSHUDWXUH
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)LJXUH  7KHSRUHVL]HGLVWULEXWLRQ IRUDVV\QWKHVL]HG02)VDPSOHVDDWURRPWHPSHUDWXUHEE\FRQYHQWLRQDOKHDWLQJDWWKHHOHYDWHG
WHPSHUDWXUH
%\FRPSDULQJWKHFRPSOH[IRUPHGDW URRPWHPSHUDWXUHZLWKWKHFRPSOH[IRUPHGE\FRQYHQWLRQDOKHDWLQJURXWH
ZHKDGSUHGLFWHG WKHFU\VWDO VWUXFWXUHRI WKHFRPSOH[ IRUPHGDW URRPWHPSHUDWXUH)LJXUH +HUHHDFK=Q,,















ILYH FRRUGLQDWHG VTXDUH S\UDPLGDO JHRPHWU\ 7KLV PHWKRG KDV EHHQ SURYHG DV D YLDEOH DOWHUQDWLYH WR WKH
FRQYHQWLRQDO KHDWLQJ VROYRWKHUPDO URXWH 7KLV PHWKRG LV HYHQ VDIHU ZKHQ FRPSDUHG WR WKH PLFURZDYHDVVLVWHG


























1265 G. Krishnamurthy and Sarika Agarwal /  Procedia Materials Science  5 ( 2014 )  1258 – 1265 













%DQHUMHH 5 3KDQ $:DQJ  % .QREOHU & )XUXNDZD + 2
.HHIIH0  <DJKL 20  +LJK7KURXJKSXW 6\QWKHVLV RI =HROLWLF













































=KDQJ://LX<<0D -) -LDQJ+<DQJ -6\QWKHVHVDQG&KDUDFWHUL]DWLRQVRI1LQH&RRUGLQDWLRQ3RO\PHUV RI7UDQVLWLRQ
0HWDOVZLWK&DUER[\ODWH$QLRQVDQG%LVLPLGD]ROH/LJDQGV3RO\KHGURQ
